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X-ray Absorption Spectroscopy of Water
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Myneni et.al. J. Phys. Condens. Matter 14 (2002) 213



Unequal distortions of H-bonds
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Water Dimer Calculations

Free molecule MO
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H-bonding Glycine
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Water clusters on surfaces
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Radial distribution functions g(r)

Radial Distribution Functions

Symmetric distribution TIPPS  Asymmetric distribution TIPP5 modified
(25% SD 75% DD) (75% SD 25% DD)
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XAS calculated spectra from MD dumps

Only post-edge

Tetrahedral configurations

Not consistent with
experimental spectrum
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Stronger Asymmetry
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Controversy X-ray Spectroscopy of Water

o (Car group,Princeton, MD simulation can explain the XAS
spectrum on liquid water using full core hole
approximation

« Saykally group, Berkeley, Proposing alternative
explanation of XAS based on energy criterium using on
Boltzman distribution of temperature dependent population
of two different species

 Guo-Nordgren-Agren-Luo groups, Uppsala, Stockholm,
Berkeley, X-ray Emission shows that rings and chains can
not exist In the liquid and therefore the tetrahedral model is
correct



HZO Gas Phase
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Approximation for Full Spectrum:
Half versus Full Core-Hole Potential

Cavalleri et al, Phys.Chem.Chem.Phys 15 (2005) 2854
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Half versus Full Core-Hole Potential:
Energy-scale in CPMD
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‘ Spectra from CPMD Dump \

Liquid Water - CPMD Averaging
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Energetics of Hydrogen Bond
Network Rearrangements in
Liquid Water

Jared D. Smith, Christopher D. Cappa, Kevin R. Wilson,
Benjamin M. Messer, Ronald C. Cohen, Richard ]. Saykally™

A strong temperature dependence of oxygen K-edge x-ray absorption fine
structure features was observed for supercooled and normal liquid water
droplets prepared from the breakup of a liquid microjet. Analysis of the data
over the temperature range 251 to 288 kelvin (-22° to +15°C} yields a value
of 1.5 = 0.5 kilocalories per mole for the average thermal energy required to
effect an observable rearrangement between the fully coordinated (“ice-like”)
and distorted (“broken-donor”} local hydrogen-bonding configurations re-
sponsible for the pre-edge and post-edge features, respectively. This energy
equals the latent heat of melting of ice with hexagonal symmetry (ice Ih) and
is consistent with the distribution of hydrogen bond strengths obtained for
the “overstructured” ST2 model of water.

Science 306 (2004) 852
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Saykally et al have measured TEY
XAS on liquid microjet at different
temperatures

They do XPS-like analysis assuming
pre-edge is SD species and post-edge
DD
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Spectra Quality

Publicated water spectra from Saykally's group lon paper - J.Phys. Chem. B 109, 7046.
Science paper - Science 306, 851.
Glycine paper - J.Phys. Chem. B 109, 5375.
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Different measurements methods
Bulk sensitive XAS
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X-ray Raman

Smith el al

Temperature dependence
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Saturation effects in electron yield
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Spectral analysis

Presence of both DD and SD species at post-edge modifies slope:
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Energy Criterium

Heat of melting of ice is around 12 %  Broken bond is a weak H-bond 40 % lost

of the sublimation energy of ice at cone boundary
3.5HB? Energy per bond kcal/mole___‘\
2HB  6.85
Energy to break an H-bond 3HB  5.29
5 7 4HB  6.33

.
At ambient conditions we have 80% SD
(2HB) and 20% DD (4HB)
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Bending instead of elongation?
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Assuming 50% SD with all in 3HB
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XES of Liquid Water

Theory small clusters with

X-ray Emission Spectroscopy a dielectric continuum

Intensity (a.u.)

Chain§

Intensity (a.u.)

Ring5

Experiment

L LI L] L L L L llillllllll o %
520 525 530 535 540 545 B i e s e

Energy (eV) 520 525 530 535
Energy (eV)

Kashtanov PhD thesis , KTH (Stockholm) 2005
Guo et.al. Phys. Rev. Lett. 89, 137402 (2002).
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The X-ray Emission Spectrum of Ice
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Water dissociation
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Liquid Water

Clemens Heske presentation

dimer-D Molecular Orbitals

)

LUMO+4

Different dissociation dynamics depends on excitation energy

Odelius et.al. Phys. Rev. Lett. 94 (2005) 227401



Occupied orbitals in ice
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Repulsive and Attractive Covalent Interactions

MO diagram Difference in Charge Density
G, gain of charge, attraction
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Charge Density Difference plots

Nilsson et.al. J. Chem. Phys. 122, 154505 (2005)



H-Bonding Principle

Electrostatic interaction
The units needs to come to short

S — &t distance
. Repulsion Charge transfer
x_J \__A between units and s-p

rehybridiation to redistribute
charge in order to minimize
repulsive interaction

How will these effect come in to play in liquid water?

Will the charge transfer effects and rehybridization be
smaller for a SD compared to DD species
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Future direction

Ambient pressure Photoelectron Spectroscopy

Solving the Problem of Scattering of electrons by gas phase molecules

For 500 eV electrons: AtP ~ 4 Torr, 1 mm travel. At P ~ 45 Torr, 0.1 mm travel

Solution: Capture the electrons before they collide with gas molecules

Reaction chamber Pump 1

rotron light

Hemispherical
analyzer
P =107 torr

Wet surface in equilibrium with vapor 2 TS 70T S Iy

A differentially pumped electrostatic lens system for photoemission studies in the millibar range
D. Frank Ogletree, H. Bluhm, G. Lebedev, C. Fadley, Z. Hussain and M. Salmeron. Rev. Sci. Instr. 73, 3872 (2002)




PES on Liquid Water
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Many configurations
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Conclusion Controversy

*Half core hole approximation for XAS
Full core hole gives wrong energy scale and no H-bonding resonance in spectra
Half core gives a good agreement with experiment

 Saykally study has severe experimental issues and wrong assumptions for
spectral analysis.

Relevance of two component system? Recent PNAS article by the same group
Energetic can be addressed and is consistent with the asymmetrical model

e Liquid water XES spectrum

Smearing of XES spectra due to ultrafast dissociation during core hole lifetime

Theoretical calculations has to include large number of molecules in order to
describe the band structure of water

Photoelectron spectra is more a direct measure of the occupied orbital

XAS is more sensitive to water structure than a measure of occupied orbitals



